Altered cortical neuronal morphology and juvenle behavior manifestation by prenatal morphine exposure were well documented. However, this developmental morphine exposure affect the lateral secondary visual area (V2L), which may be critically involved in the multisensory of auditory and visual stimulus, remained poorly understood. To clarify the neuronal architecture changes possibly occurring in the V2L, Golgi-Cox staining was used in this study to count dendritic length and the spine density of the layer II/III pyramidal neurons in the V2L of the juvenile rats (postnatal day 25, PND25) prenatally exposed to morphine (gestation days 11-18). Quantitative analysis showed that prenatal morphine exposure decreased the total length, branch number, and spine density of the layer II/III pyramidal neurons in the V2L, and selectively altered the total length of the basal dendrites but not of the apical dendrites. The findings may provide the mechanistic understanding of the behavioral changes in the children whose mothers abuse opiates during pregnancy.
INTRODUCTION
Prenatal exposure to opiates, such as morphine, that could cross the placenta is known to affect the development of the central nervous system and lead to the behavioral changes including the abnormalities of play behaviors and adult social behaviors in the juvenile offsprings (Hol et al., 1996; Niesink et al., 1999; Slamberova et al., 2001; Sobrian, 1977) . These changes may be due to the alterations of the neuronal properties in hippocampus, nucleus accumbens, amygdaloid nuclei, and frontal cortex (Niu et al., in press; Robinson and Kolb, 1999; Vathy et al., 2003; Villarreal et al., 2008; Yang et al., 2000) . Cross-modal information intergration, which presumably induces functional connections between different sensory modalites, has been reported to benefit for the behavioral enhancement (Jazayeri, 2008; Lewkowicz and Turkewitz, 1981; Stein et al., 1993) . However, whether and how prenatal morphine exposure would affect functioning of sensory system remained to be fully understood.
Previous studies reveal that newborn animals are more sensitive to summed intensity of visual and audio stimulus (Kenny and Turkewitz, 1986; Lewkowicz and Turkewitz, 1981) , for example, the newborns' optimal or preferred amount of stimulation is based on the total amount or intensity of stimulus input (Lawson and Turkewitz, 1980) . Additionally, the visual and auditory experience is important not only for the development of other sensory systems such as spatial sensation (Lickliter et al., 1996) , but also for the visual or auditory perception development in the infants (Sleigh et al., 1998) . The convergence of auditory and visual information is important for the newborns' behavior development (Lickliter et al., 1996) . Recently, it was proposed that the lateral secondary visual area (V2L) played critical roles in the multisensory facilitation of reaction time in the presence of both auditory and visual stimuli, and that the convergence of auditory and visual information possibly occurred in the V2L (Hirokawa et al., 2008) . Meanwhile, the defects in neurons development in this area may also contribute to the juvenile abnormal behavior after prenatal morphine exposure. Thus, it is necessary to know whether prenatal morphine exposure alters the intersensory of visual and audio system.
In this study, we applied the Golgi-Cox staining method to examine the dendritic length, distribution, and the spine density of the layer II/III pyramidal neurons in the V2L to understand the details.
MATERIALS AND METHODS Animals and treatments
All animal treatments were performed strictly in accordance with the National Institutes of Health (NIH) Guide for the Care and Use of Laboratory Animals.
Adult female and male Sprague-Dawley rats (Anhui Experimental Animal Center, Hefei, China) were group housed under standard laboratory conditions (lights on from 9:00 AM to 9:00 PM, room temperature 228C, ad libitum access to food and drink). Animal care and pregnancy tests were carried out as described previously. We examined the estrous cycle phases of the female rats (Marcondes et al., 2002) , and the rats were mated during their proestrus or estrus phase. We took the presence of the vaginal plug or sperm cells in vaginal smear the next morning as criteria for successful mating and the subsequent pregnancy. The pregnant rats were then randomly divided into control group and experimental group. On gestation days 11-18, the pregnant rats in experimental group were subcutaneously injected with morphine (morphine sulfate, 10 mg/ml, obtained from the Anhui Food Drug Administration, China) twice daily at 9:00 AM and 9:00 PM, while the rats in control group were injected with saline instead. The dose of the first three morphine injections was 5 mg/ kg and, 10 mg/kg for all subsequent injections (Niu et al., in press; Vathy et al., 1985) . For the individual rat offspring, the day of birth was designated as postnatal day 0 (PND 0). The genders and weights of pups were then recorded. Apparently, the injection regimen did not alter the litter sizes or the body weights of the offspring, which was consistent with results from previous studies (Niu et al., in press; Riley and Vathy, 2006; Vathy et al., 1985; Velisek et al., 2000) . On PND 21, the pups were weaned and housed in groups with free access to food and water.
Histological procedures
On PND 25, all rats offspring (control group, n 5 10, experiment group, n 5 10; five males and five females in each group) were anesthetized with urethane and perfused with 0.9% saline solution. Brains were removed and prepared for Golgi-Cox staining according to procedures described by Gibb and Kolb (1998) : the removed brains were stored in the darkness for 14 days in Golgi-Cox solution, then 4 days in 30% sucrose solution. Then brains were sectioned in 200 lm thickness in the coronal plane at the level of the V2L by a vibratome (Leica, VT-1000S, Germany). We collected the sections with cleaned and gelatincoated microscope slides (four sections per slide) and stained with ammonium hydroxide for 30 min followed by washing. Then the sections were immersed in Kodak Film Fixer solution for another 30 min, rinsed with water, dehydrated, cleared, and mounted, according to standard procedures.
As shown in Figure 1A , at low magnification (403 and 1003), visual cortex of the V2L regions (Bregma 24.8 to 27.8) were identified as regions outside of the whole hippocampus or subiculum (S ) and the white matter associated with the hippocampus from DG (anterior extremity) to S (posterior extremity), and near the olfactory sulcus (Paxinos, 1986) . LayerII to III pyramidal cells (the cortical depth is from 10 to 35%) (Hirokawa et al., 2008) in the V2L from each hemisphere were examined (Fig. 1B) . Golgi-impregnated pyramidal neurons of visual cortex were readily identified by the criteria described previously (Robinson and Kolb, 1999; Silva-Gomez et al., 2003) . At least 10 neurons from each region of per animal were photographed, with each neuron recorded at least in three focal plane at a magnification of 2003 (Eclipse 80i, Nikon, Japan) by a person blind to the experimental groups. The spines of each neuron were photographed on a length (at least 20-lm long) from the last branch point to the terminal tip of the basal dendrite using a magnification of 10003.
2D reconstruction of neurons and dendrite analysis
Software Image J (National Institute of Health) (Abramoff et al., 2004; Pool et al., 2008) with Neuron J plugin (Meijering et al., 2004 ) and Sholl analysis were used for the reconstruction of the neurons' morphological structure and for the quantitative analysis, respectively. Unless otherwise stated, at least three images were taken for each plane of the same neurons, stacked and presented in one image with averaged signal ( Fig. 2A) . Using Neuron J plugin, the main dendrites were traced from the cell body at first, and on this dendrite, from the root to the tip, every branch was traced in order (Figs. 2B-2D ). Likewise, we traced all the dendrites subsequently. We clustered all the dendrites of the same neuron into two groups: apical dendrites and basal dendrites. In Neuron J, we exported the total length and total branch number of the neuron, as well as the total length of the basal dendrites and the apical dendrite. The traced photograph for Sholl Analysis (Sholl, 1956) was exported with the related plugins in Image J program. The spine density was assessed by measuring a length from the last branch point to the terminal tip of the dendrite (Flores et al., 2007) . The exact lengths of the chosen dendrite segments (at least 20 lm long) were calculated, the numbers of spines on each dendrite segment was counted and the density was presented as spines/10 lm.
Statistics
Analyses of the spine densities, dendrite total length, basal and apical dendrite length and Sholl analysis of ring intersections were carried by averaging across cells for each animal. The data of the spine densities, dendrite total length, basal and apical dendrite length were assessed using two-way ANOVA (gender 3 group). The data from Sholl analysis of the number of ring intersections were analyzed by using two-tailed Kruskal-Wallis and Mann-Whitney tests (P < 0.05 was considered significant).
RESULTS
Morphology of the 200 pyramidal neurons in the layer II/III of the V2L was reconstructed using program Image J with its plugins (Fig. 2) . At first, all images of the same neurons at different level were integrated into one ( Fig. 2A) . Then, using Neuron J plugin, the longest dendrite was traced at first, and then all the offset dendrite on this dendrite was traced ( Fig. 2B and Fig. 2D ). At last all the dendrites were traced by offseting one by one and the traced photograph was exported out as a separate photo (Fig. 2C) . The Golgi-Cox impregnation procedure clearly filled the dendritic shafts and spines of the pyramidal cells (Fig. 3) .
In these experiments, neither main effect of gender nor the gender 3 group interaction was significant. Prenatal morphine exposure significantly decreased the total length of the dendrites (F 1,19 5 11.88, P < 0.01), suggesting that morphine exposure inhibits the neurons development. We then calculated the branch number of each group, and found a significant difference between the two groups (F 1,19 5 5.75, P < 0.05) (Fig. 4) .
When the apical dendrites and the basal dendrites were clustered, a significant difference has been observed in total lengths of basal dendrite between the two groups (F 1,19 5 7.52, P < 0.05), but not those of apical dendrites (F 1,19 5 3.35, P > 0.05) (Fig. 5) .
As measured by Sholl analysis, the intersection per radius of shell shows that the prenatally morphine exposed pups had less intersection per shell or less dendritic arborization than the control rats (P < 0.05) (Fig. 6 ). There were significant differences in shells with a radius of 50-80 lm and later than 200 lm (P < 0.05).
Because there are more than 90% activated the synapses in pyramidal neurons dendrites, the density of spine has been considered as symbolic of the activation of the pyramidal neuron behavior. In our study, morphine-exposure has obviously resulted in the decrease in spine density (F 1,19 5 7.07, P < 0.05) (Fig. 4C) . 
DISCUSSION Prenatal morphine exposure altered the layer II/III pyramidal neurons morphology of the V2L in juvenile rats
In this study, we found that prenatal morphine exposure caused a significant decrease in total dendrite length and spine density of the lateral secondary visual cortex (V2L) in PND25 rats, whose cerebral cortex were still under development (Taylor and Chapman, 1969; Necdet and Ramazan, 1998) . Interestingly, our results showed that prenatal morphine exposure selectively induced morphological rearrangements in the total length of the basal dendrites, but not in the total length of apical dendrites, of the layer II/III pyramidal neurons in V2L of PND 25 rats. These alterations led to an overall remodeling of the dendrites branching pattern, for example, loss of dendrites branches and reduction in total length per neuron.
Prenatal morphine exposure also resulted in the decrease of the dendrites branches in the medial-todistal portions of the dendrites and, concomitantly, significant reductions in the dendrites disposition at the distal portions. These observations strongly suggested that prenatal morphine exposure seriously impaired the development of neurons in the V2L in juvenile rats.
Alterations of GABAergic system may contribute to the changes of the neuron morphology in V2L
Transcription factors have a profound influence on dendrites arbor size and complexity (Parrish et al., 2007) . Prenatal morphine exposure increased the number of opiate receptors in rats of PND1-PND7, but had no effect on those of PND14-PND28 (Bhat et al., 2006). It was reported that, by activating ubiquitously clustered l-opioid receptor in excitatory synapses, morphine caused the collapse of preexisting dendrites spines (Liao et al., 2005) . Hence, it is speculated that morphine exposure may induce changes in the expression of opiate receptors at early developing stages, which possibly causes the alteration of the neuronal morphology in the visual cortex.
It has been of wide interest in understanding how the opiate receptor modulates the neuron development in the past years (Robinson and Kolb, 2004) . Our previous studies suggest that GABAergic inhibitory synaptic is crucial for the development and maintenance of visual cortical function (Leventhal et al., 2003; Li et al., 2007a Li et al., ,b, 2008 . In addition, GABAergic synaptic transmission in adult animal could be significantly influenced by opiate (Laviolette et al., 2004; Li Fig. 4 . Analysis of the pyramidal neurons in both the control and the morphine groups at PND 25 (n 5 10 animals per group). Prenatal morphine exposure decreases the total dendritc length (A), the dendritic branch number (B), and spine density (C). (*P < 0.05). et al., 2007a; Vaughan et al., 1997) . Decreased number of GABA-containing neurons in the DG area by prenatal morphine exposure demonstrates a dysfunctioned GABA system (Niu et al., in press ). Excitatory GABA actions (Ben-Ari, 2002) in the embryonic period plays critical roles in morphological maturation of layer II/III of the somatosensory cortical neurons (Cancedda et al., 2007) , loss of function will causes severe deficit in neuronal architecture. The decreased total length of dendrites and spine density by prenatal morphine exposure observed in this study very likely attribute to the weaked GABA-mediated (GABAergic) synaptic transmission, which may consequently impaired the information integration between the audio and visual system.
Prenatal morphine exposure probably changes the excitability of neurons in V2L
Communication between neurons is important for the dendrites growth and the synapse maturation on the dendrites (Leite et al., 2005; Matsuzaki, 2007) . Therefore, the changes in the neurons morphology are somewhat indicative of alterations in pyramidal neurons excitability. In our study, morphine exposure was found to have the effect of decreasing total length, spine density, and branch number of the dendrites, suggesting that prenatal morphine exposure alters the neurons excitability in the V2L. Decrease in the density of dendritic spines may further exacerbated this alteration. Although the dendritic spines can form and retract quickly in vivo and the shape and size of spines also change over time, there is consensus that most spines from cortical pyramidal neurons are stable, and that spine stability is developmentally regulated in visual cortex (Alvarez and Sabatini, 2007; Holtmaat et al., 2005; Majewska et al., 2006) . It is estimated that more than 90% of excitatory synapses are on dendritic spines (Kolb and Whishaw, 1998) . Taken together with our result that the morphine exposure decreased the spine density of the neurons, it is natural to hypothesize that prenatal morphine exposure can also affect the excitability of input in V2L.
Furthermore, our results showed that morphine exposure significantly altered the total length of basal dendrites without significantly affecting the apical dendrites distribution. Indeed, functional differences between apical and basal dendrite have long been illustrated (Arai et al., 1994; Yuste et al., 1994) . It was reported that LTP in basal dendritic branches of hippocampus CA1 pyramidal cells led to stronger enhancement of cellular activity than that in the apical (Papp et al., 2004) . In layer V pyramidal neurons from slices of rat somatosensory cortex, the apical band may serve as a dendritic trigger zone for regenerative Ca 21 spikes or as a current amplifier for distal synaptic events (Yuste et al., 1994) . Although it is yet unclear whether there is a difference between basal dendrite and apical dendrite of pyramidal neurons in the layer II/III of V2L, the fact that morphine exposure selectively alters their arborization strongly suggests apical dendrites and basal dendrites have different function and different excitability in V2L. The different effect on basal and apical dendrite in visual cortex maybe also suggests that morphine exposure changes the neurons excitability.
CONCLUSION
Here we have observed that prenatal morphine exposure altered the pyramidal neurons morphology of the layer II/III of the V2L in juvenile rats. The total length, the branch number, and the spine density were both decreased in young rats after prenatal morphine exposure. This treatment selectively decreased the basal dendritic length. These may be result in the impairment of the integration of input from visual and audio primary cortex and thus the impairment of the behavior of juvenile rats.
